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ABSTRACT 

The harmonic mean and Kramer (1956) unequal n forms 
of the Tukey multiple coniparison statistic were investigated for 
Monte Carlo Type 1 and Type II errors under conditions of assumption 
violations. The two major questions concerning the sensitivity of 
multiple comparison statistics for different types of pairwise 
contrasts and the affect of increasing the number of treatment li vels 
are discussed. Neither procedure consistently out- performs the other; 
the choice of test depends upon the population condition (s) and the 
pattern of unequal cell frequencies, (Author) 
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MSTRACT 

The harmonic mean and Kramer (1956) unequal n formi of the 
Tukiy multiple comparison statiitlc were Investigated for Monte Carlo 
Type I and Type II errors under condltloni of aiaiMption violationa* The 
two major quesrioni Gonceming che seneltivity of multiple comparison 
Gtatisties for different types of palrwise contrasts and the affect of 
increasing the nuiri)er of treatment levels are discussed. Neither pro= 
cedure consistently out'-perf orma the other; the choice of test depends 
upon the population condltionCs) md the pattern of unequal cell frequencies. 



THE HA^ONIC MEAN MD K^ffiR UNEQUAL n FOMS .OF THE TUKEY STATISTIC 

The Tukey (T) multiple compariaon statistic is canaidarad appro-- 
prlate for probing paiTOlse dlfferencei among means (Klrkj 1968; Millar, 
1966; 8ehe£f4s 1959). A crucial assmptlon of the T statistic is that the 
variancaa of the contrasts be equal CScheffA, 1959). To satisfy this as-- 
sumption thare must be an equal numfaer of obeervationi per cell* 

Smith*! (1971) Monte Carlo InviStigatlon compared three unequal n 
procedures that can be used with the T itatlstici the harmonic meanj the 
Kramer (1956) method, md the procedure suggested by Miller (1966), The 
harmonic mean, the most commonly cited procedure (Kirkj 1968| Winer, 1972)5 
utilises all the smplm slies from the K treatment levels ([k/ 1/n^ + l/n2 
+|,,,|+ 1/n^] ) # Miller iuggeste using an avirage or median value of the 
group sizes, whereas Kr^er's procedure utlliEes the sample sizes of the 
largest and smallest (range) groups. Smith (1971) found that the harmonic 
mean procedure and the preeeduft suggested by Kramer generated Type 1 
estimates that were closer to theoretical alpha than the procedure cited 
by Miller- When chooilng any statistical test both types of errors should 
be considered. Using the KrMer method, as Smith suggests solely on the 
baali of Type I estimatei places too great an emphails on the Type I error. 

Recent studies (GMieS| 1971; Keselman md Toothaker, 1973) in- 
dicate two Importmt factors that need to be Inveitlgated for the T statistic. 
Kaselman and Toothaker (1973) point out that the power of multiple com- 
parlion testa is a function of the mignltude of the comparison deviating 
from the null hypothesis that W ^ ^ ^' example, in their in- 

vestigation the four treatment levels were made to differ by *67 o--imltS| 
consequently, ^ 0*00, ^2 ^ 0,67, y3 ^ 1.34, ^d Uk ^ 2,01. The con- 
trast that compares means one and four is the maximim contrast md Its 
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powtr would be greater than any of the remaining five pairwise contrasts, 
nieir results corroborate thg correspondence between the sensitivity of 
the malyils of variance (MOVA) F test and the contrait that compares 
the maximum difference In a set of K means suggested by Schefffi (1959)* 
Gamae (1971) shows that t^idoretlcal Type I error rates will varyi depending 
upon the niaober of treatment levels, A major question that remains unan= 
swered ISi ''whether differences between extremes in a large set of means 

will be more seneltive to form and heterogeneity of varimce than is the 

two meana cast" (GameSi 1971, p*100), 

. To examine this question the harmonic mean (H) and the Kramer (K) 

unequal n forms of the T statistic were inveitlgated for the empirical 

probability of a lype I ^d Type II error. Thm Monte Carlo estiinates were. 

generated under conditlona of asiumption violations for varying nmnbers 

of treatment levels when the true magnitude of deviation frOTi the multiple 

comparison nyll hypothesis of zero was coneidered* 

Procedure 

Pseudo^random nmnbers were selected using a pseudo=random number 
generator* Depending upon the asiumption violation ^ the nu^ers were 
selected from either a noma! or exponential distribution. The normal 
deviates with y ^ 0 and ^ 1, were getierated by a techniqui developed 
by Box and MuUer (1958) , To sample frOT the eKponentlal diitrlbutlon 
(Lehman md Bailey, 1968, p. 227), 

f(t) - pe'P^ (1) 
with p s 1, ECt) ^ 1/p = 1, and var(t) ^ 1/p ^ 1, pseudo-random exponential 
variables were generated by multiplying the negative of the mmm^ -E(t) ^ -1, 
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times the natural logarithm of uniform random varlates distributed on the 

^it interval (IBMj 1970). The eKponential vtrlates were then scaled so 

2 

that the mean would be zero and the variance o , k ^ l5,.,,K (for the 

unequal variance conditiona), th& resulting skewed population has mean 
2 

zero^ variance skmrnmB measure yi 2 and kurtoili measure yz ^ 6. 

Differencei in means were obtained by adding multipleg of the 
constant 6 (6 ^ 0.67) to the iuccesiive observations within the K treat- 
ment levels starting with the second level. Depending upon whether the 
sampling proeedure was reitricted to four, six, or eight treatment popula- 
tlonSj the generated lampleg have population means ofi m ^ 0*00, ^2 ^ 0.67s 
yg ^ 1.34, yt, - 2,01, ^ 2*68, yg ^ 3.35, P7 ^ 4.02, and pg - 4,69, 

From the Pearson and Hartley (1951) tablei for noneentrallty value 
^ h h 

of $ ^ (Egj^/k) /g/(n) ^ l.gs, seven observations per cell were required to 
obtain 86% power for rejecting the ANOVA null hypothesis, Only after re- 
jecting the MOVA T hypothesis was the T itatlitlc simulated. The pro- 
bability of a Type II error was simulated with the observations that had 
the mem differences bullt-ln(6 ^ 0.67), whereai the probability of a 
Type I error was evaluatad with the original randomly generated observations, 
(fi - 0.00). 

Given four, six, and elgtit levels of the treatment variable there 
were sIk, f If teens snd twenty-eight pairwiae contrasts, respectively. For 
the slXj flftien, md twenty-eight contrasts there were three, flve^ and 
seven respective mapiltudes of deviation from a true psl of zero for 0.67 
o-tmlt differences between adjolnlag means. The cmtraate ware coded as 
to the extent to whldi they dlffirtd from the multiple comparism null 
hypothealfi. Consequently, the probability of a. Type 1 and "^pe II error 
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was coimted only for contrasts that had the same magnitude of deviation 
from ?ero. 

For cpffiparisona involving imequal variances the varimces were 
in the ratio of li2i3U (K - 4), I:2i3^4:5i6 (K = 6), and li2i3UiSi6i7^8 
(K s 8) , The unequal variances were achieved by multiplying the generated 
numbar by a value for each Igvel such that the average varimce was one 
for the given experiment* 

Unequal variances tod imequal smple ilzgs were conJblnad when 
sfflnpllng from the normal distribution to explore the prob^llity of a 
Type I and Typa II error mider coftditloni of aasraption violations. The 
five eomblnatlona exmlned were (1) equal observatloni per treatment level 
equal variances^ (2) equal obaeinfatlone per treatment level - unequal 
variances^ (3) unequal observatiQns per treatment level - equal varimces, 
(4) imequal obaervations per treatment level - unequal variances (pQai- 
tlvely related) and (S) mequal observations per treatment level - unequal 
variances (negatively related). These five condltioni were also investi- 
gated for th^ non-nomal exponential population. The mequal variances 
and BWipU sizes for the nine combinations of treatment levele and iample 
alzes Investigated are eqntalned in Table 1. 

Table 1 about here 

The procedure of generating K random samplei with n^ observations 
per cell ^d calculating the T statistics constituted one experiment i the 
procedure was repeated for 1,000 experiments* 



Monte Carlo Type I Errors i Because the levels contain different numbtrs 
of contrasts there is a difference between the Type I probabilities (Tables 
2-4). For example, for four treatment levels there are six pairwise con- 
traala which are separated into three nagnitudes of deviation from zero, 
that is, for .67 o-imit differences between adjoining means there is one 
population contrast (W^) equal to 2.01 two contrasts equal to 1.34 C'i'.^j), 
and three eontrasts equal to 0.57 <*jjj) . The exparlmantwlse error rate 
fluctuates depending upon the number of contrasts that define the experi- 
ment. For the Tukey tests (Table 2, condition 1) over 1000 experiments 
there are six experiments containing one false rejection when each experi- 
ment containg one contrast , nineteen experiments with at least one 
false rejection when each experinent contains two contrasts (^jj)f and 
forty-two expBriments with at least one erroneous statement of rejection 
when the experiment is defined over three contrasts (V^jj) . Wlien the 
probability of a Type I experlmentwise error Is defined over all contrasts 
comprising the experioent, there are fifty- two experiments with at least 
one false Eejection (W^) . When CCTislderlng all contrasts comprising the 
experiment, there are six contrasts for four treatment levels, fifteen 
for six treatment levels, and twenty-eight when there are eight levels of 
the treatment variable. 

Tables 2-4 about here 

CaiditiOTs (1) and (2) are not comparlsai conditions of crucial 
mtertst. The probabllitlei reported for (1) only reflect the procedure 
of dlchotOTiiilng the oontraats into levels of deviation from a true psi 
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of zero whereas s the probabllitlea tabled imder condition (2) not only 
reflact the above but alsoj tha effect of heterogeneity of variance. In 
both conditions the H and K probabllitlei must be equal since, n, ^ n. 
Considering conditions (3), (4) ^ and (5) a distinct pattern of comparison 
emerges. For tha conilnationa of unequal obGervatlcns per treatment level - 
equal varlancai (S)^ md unequal obiervationg per treatment level - unequal 
variancee (negatively related) (5)^ the K probabilities are Gonslstently 
less than the H probabilities. When positively pairing unequal sample 
ei^es md mequal varimcei (4) the probabilities for the H procedure are 
smaller. The above pattern holds across the fours siK| and eight treat-- 
ment levels. 

Differences in extremes in a large set of means are not adversly 
affected by form and heterogeneity of variance with increases in the nirater 
of treatment levels. If Games (1971) meant by extremes the contrast com- 
paring the two most disparate memsi that is then the probability of 
a Type I error is invarsly related to increases in the nmber of treatment 
levels for the three sample sizes investigated. This leneral Inverse re- 
lationship holds for each level of deviation (Wj, ^ut-**! but not 

when cpniiderlng all the cCTitrasts (¥ ) . 

A 

Sampling from the expOTential distribution does not cause the 
Type I probabilities to substantially deviate from the probabilities when 
sampling from the nomal distribution, though, the es^onentlal probabilities 
are, more often thm not, less than the corresponding normal distribution 
probabilities, - 

Monte Carlo Type 11 Errors I The H and K Type II probabilities (Tables 
5-7) coffipllment the reported Type I error comparlscni pattern, though, the 
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patUm here is vary weak. The H Typt II probabilities are, more often ^ 
than not, less than and/or generally yqual to the K probabilltlei for 
condltlong (3) and (5) . For condition (4), the H probabilities are more 
often than notj slightly larger and/or generally equal to the Cabled K 
estimates , 



Tables 5-7 about here 



Fcr comparlgOTa other than the maKimum contrast the T itatistics 
are not pcwerf ul for the smallest imple condition (n ^ 7) . Increases in 
sample alia md/or an increase in nominal alpha (from ,05 to ,10) can sub^ 
atantlally Increase the power for soma of the nm-maxlmum contrasts* The 
greater the true devlatlcm from zero, the more pronoimced Is the affect. 

The exponential and normal dlitrlbutlOT probabilltiei do differ 
from one another and there are cases in whidi the diicrepancieg are 
large but, no dlettoctlve pattam of difference is specifiable. 

Discussion 

The harmonic mean and Kramer (1956) unequal n forms of the Tukey 
multiple comparison statistle were slaulated under conditions of assumption 
vioUtions. M^te Carlo Type I and Type II probabilities for various 
combinations of population form md heterogeneity of variance were tabled. 

• The palrwise contrasts were differentiated in termi of their 
mapiitude of devlatlOT from the multiple comparison null hypothesis that 
* ^ ^ °' C^aequintly, T^pe II errors were evaluated with contrasts 

that have the same magnitude of deviation. As a conitquence of separating 
' ^ the palrwise contraiti; the simliarlty of the ieniitlvlty of the ANOVA F 
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test md the contrast that cpmparei the maximum differencs in a set of 
K means, as suggeittd by Scheffi (1959) * is corroborated. 

The T^gy Statistic eentrols the probability of a Type I error 
eKperimentwise and is considered therefore most appropriate when several 
contrasti are to be computed. The effect of noft-normallty and heteifo= 
genelty of varl^ce is ilmilar to the egniaquences reported for the MOVA 
F test (SchiffAj 1959), Increaalng the nmber of treatment levels imder 
conditions of assumption violations does not generally affect the Type I 
error probabllitlee. The probabilities whether extremely conservative, 
conservative, ©r liberal, are typically within sapling variability of 
one another across the fourj six, mi ei^t treatment laveli. 

While selection of an appropriate statistical test is always 
specific to an experimental question , the UmtB Carlo investigation de- 
llneatei general frmes of reference leading to the following recommenda- 
tions. If there is evidence that suggests that the population varlimces 
are not equal, or if the nunber of observations per c^ll are not equal 
and negatively related to imequal variances, the Kroner fom of the Tukey 
statistic would appear to be most appropriate since it better controls 
for the probability of a Type I error md Is not substmtlally less power- 
ful thm the hamonic m%m procedure. If suspecting heterogeneity of 
population varlmces and smplt sizes are positively pairedj the data 
favors the use of the harmonic mmm procedure. Although the Type I error 
probabilities are larger than the K ^pe I probabilities they are nonethe- 
less still quite coiservatlva, ytt the H procedure generally comlts fewer 
Type II errors and is therefore the more powerful statistic. 

Significant T^ey contrasts can occur in the absence of a slgnl- 
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f leant F tiitp though infrequently, since it is based on the distrlbutiOT 
of the Studantl^ed range md Is not therefore mathematically related to 
an ANOVA F teat. The Tukey tests were CTily simulated when the MOVA null 
hypothegli was rejeeted in order to mirror the pcpularlzed accepted pro- 
cedure (Glass and Stanley, 1970| Hopkins ^d Chadburnj 1967i HaySi 1963), 
Aasuffling that the tabled Type II probabilities may be sli^tly Inflated 
estloatesj the Ttdcey tests still lack sdbitmtial pmmr for detecting 
non-saximm contrasts when alpha equals *0S* Therefore, regardless of 
which foitTO of the Tukey test is uaad to increaaa power for non~maKlmum 
contrasts it ia suggested that the level of significance be at lea^t .10. 
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0 ■ square root of the aeto square error from the ANOVA 
n w numbar of observationi per cell 
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TAILI 3 

mm CAALO TYPE I iX?ERI^H1VIi£ ERRORS FOR THE HARMONIC (H) AHD I^Arai (K) UNEQU!'^ 
FORI or THE TWEY BTATliTlC FOR SIX TR£A17£|HT LEVELi ^EH DEVIATIW FROH EIRO li CQBSmREB 



^-7 





1 




2 




3 




4 




i 




i 




2 




3 




4 




5 






H 




B 


K 


H 


t 


H 




B 


E 


H 


1 


H 


£ 


B 


L 


B 


K 


K 


% 




O.OOS 


0.005 


OiOod 


0.008 


OiOOA 


0.006 


0.003 


0.003 


0.012 


0.013 


0.004 


0.004 


0.005 


0.005 


D,006 


0.006 


0.0Q2 


0.002 


0,005 


O.ODS 


Hi 


0.018 


0.018 


0.014 


o.ou 


OiOoa 


0.005 


0.008 


0.008 


0.018 


0.020 


O.OOi 


0,009 


0.014 


0.014 


0.014 


O.OIS 


O.Qll 


0.009 


0.017 


O.OLS 


HU 


0,D16 


0.0 IS 


0.020 


0.020 


D.on 


0.019 


0.009 


0.009 


0.035 


0.026 


0.006 


O.OOe 


0.026 


0.026 


0,019 


0.014 


0,012 


0.014 


0.032 


0,026 




Q.oie 


0.016 . 


0.030 


0.030 


OiOU 


0.012 


0.015 


0.019 


0.038 


0.03^ 


0.019 


O.Olf 


0.024 


0.024 


0.024 


0.016 


0.O20 


0,022 


0.04S 


0.036 




0.026 


0.026 


0.033 


0.033 


0.013 


0.02S 


0.025 


0.030 


0.0S8 


0.032 


0.021 


0.021 


0.041 


0.041 


0^029 


0.026 


0.024 


0.028 


0.057 


0.042' 




o.oss 


0.058 


0.062 


0.062 


0.03i 


0.041 


0.040 


0.049 


0.096 


0.085 


0.041 


0.041 


0.067 


0.067 


0,050 


0.04B 


0.046 


0.052 


0,09? 


0.070 



*.-l6 





0.004 


0.004 


0.004 


0.004 


0.003 


0.003 


0.001 


0.001 


0.002 


0.O02 


0.005 


0.005 


0.004 


0. 


004 


0,007 


0. 


007 


0,005 


0.005 


0.006 


0.006 


■ll 


0.007 


0.007 


0.009 


0.009 


0.009 


0.009 


0.006 


0.006 


0.008 


0.008 


0.008 


o.oos 


0.014 


0. 


014 


Q.O05 


0. 


005 


0.012 


0.012 


0.009 


0.009 




0.017 


o.on 


0.022 


0.022 


O.OLl 


o.ou 


0.015 


0.016 


0.022 


0.020 


0.016 


0.016 


0.021 


0. 


021 


0^0 IS 


0. 


017 


0,016 


0.018 


0.023 


0.021 


'IV 


0.013 


G.OU 


0.032 


0.032 


O.OLI 


Q.OU 


0.012 


P.dl6 


0.029 


0.027 


O.OU 


o.ois 


0.030 


0. 


030 


0.023 


0, 


022 


0,026 


0.024 


0.030 


0.028 




0.014 


0.014 


0.032 


0.032 


0.015 


0.013 


0.033 


0.038 


0.057 


0.052 


0.023 


0.023 


0.037 


0. 


037 


0,025 


0, 


028 


0,036 


0.041 


0.055 


0.046 


'a 


0.047 


0.047 


0.070 


0.070 


0.040 


0.040 


0.055 


0.061 


0.083 


0.077 


0.045 


0.045 


0.079 


0. 


079 


0.04S 


0. 


049 


0.071 


0.075 


0.086 


0.076 



.*23 



0.O06 


0.006 


0.007 


0.007 


0.008 


o.ooe 


0.003 


0.008 


0.012 


0,012 


0.024 


0.023 


0.029 


0.029 


0.038 


0.034 


0^033 


0.036 


0.046 


0,031 


0.070 


0.073 


0.085 


0.071 



hit 



0.007 0.007 0.004 0.004 0.006 0.006 0.005 0.005 0.010 0.010 0.010 0.010 0.002 0.002 0^005 0.005 

0.018 0.016 0.004 0.004 0.012 0.012 0.012 0.012 0.016 0.016 0.015 O.DlJ 0.011 0.011 0.013 0.012 

0.021 0.021 0.022 0.022 0.015 0.014 0.016 0.017 0.020 0.019 0.02B 0.025 0.021 0.021 0^009 0.009 

0.019 0.019 0.027 0.02? 0.018 0.019 0.027 0.030 O.038 0.038 0.022 0.022 0.034 0.034 0,018 0.017 

0.018 0.018 0.036 0.036 0.023 0.022 0.031 0.034 0.053 0.049 0.035 0.035.0.043 0.043 0.023 0,023 

0.062 0.062 0.067 0.067 0.055 0.054 0.065 0.070 0.095 0.091 0.072 0.072 0.086 O.OM 0^049 0.043 

0.004 6.004 0.012 0.012 0.015 0.015 0.009 0.009 0.022 0.024 0.021 0.021 O.OU O.OU 0,008 0.010 0.004 0.006 0.014 0,022 

0.015 0.015 0. 0231 0.023 0.022 0.019 0.016 O.OU D.034 0.033 0.028 0,028 0.028 0.028 0^017 0.017 0.013 0.016 0.040 0.037 

0.030 0.030 0.036 0.036 0.035 0.033 0.030 0.032 0.057 0.052 0.031 0.031' 0.037 0.037 0.037 0.039 0.014 0.024 0.052 0.044 

* J'ly 0.038 0.038 0.051 0. 051 S. 041 0.038 0.034 0.038 0.078 0.071. O.OW O.04O 0.041 0.041 0^040 0.035 O.OlO 0.034 . 0.072 0.058 

4fy 0.043 0.043 0.066 0.066 0.056 0,051 0.047 0.055 0.104 0. 085 0.053 0.053 0.052 0.052 0^047 0.045 0.036 0.048 0.078' 0,068 

0.091 0.091 0.117 0.117 0,115 0. Ill 0.081 0.089 0.175 0.154 0.103 0.103 0.108 0.108 0.091 0.091 0. 063 0.095 0.147 0.129 

0. 010 0. 010 D.OIS 0.016 0.009 0.009 0.001 O.009 

0,013 0.013 0.028 0.02S 0.018 0.018 0.019 0.019 

n.ai6 ^Xn ^'^^^ 0.023 0.046 0.048 0.023 0.024 0.030 0.029 

^jy 0.031 0.035 0.052 0.052 0.032 0.029 0.043 0.048 

t^y 0.031 0.035 0.068 0.068 0.052 0.052 0.063 0,070 

' 0.081 0.085 0,140 0.140 0,093 . 0.092 0. Ill 0. 121 

0.016 0.016 0.006 0.006 0.015 0.015 0,007 0,007 0,012 

il'j^ 0.018 0.018 0.019 0.019 6.015 0,015 0.022 0.022 0.029 

0.029 0. 029 0.033 0,033 0,027 0.029 0.031 0.032 0,038 

tffjy 0.040 0.040 0.052 0.052 0,030 0,02 8 0.043 0.044 0.054 

y^y 0.049 0.049 0.077 0,0?7 0,031 0,037 0,066 0.072 0.077 

1^. 0.099 0.099 0,130 0,130 0,096 0,095 0.108 0.112 0.133 



0.022 


0.024 


0.021 


0.021 


O.OU 


O.OU 


0,034 


0.033 


0.028 


0,028 


0.028 


0.028 


0.057 


0.052 


0.031 


0.031' 


0.037 


0.037 


0.078 


0.071. 


0,0^ 


0.0 40 


0.041 


0.041 


0.104 


0,085 


0.053 


0.053 


0.052 


0.052 


0.175 


0.154 


0.103 


0.1O3 


0.108 


0,108 


O.OlO 


0.003 


0 .009 


0.009 


0.015 


0.015 


0.02O 


0.003 


0,031 


0.031 


0.022 


0.022 


0.04i 


O.OlO 


0.041 


0.041 


0.038 


O.038 


0.059 


0.013 


0.043 


0.043 


0.054 


0.054 


0,080 


0.021 


0.043 


0,043 


0.0^ 


0.080 


0.142 


0.042 


0.098 


0,098 


0.139 


0.139 



0.012 


0.012 


0.O06 


0.006 


0.020 


0.019 


0^020 


0.020 


0.018 


0.018 


0.026 


0.025 


0,030 


0.031 


0,035 


0.037 


0.052 


0.050 


0.038 


0.035 


0.O48 


0.050 


0.064 


0,062 


0^041 


0.044 


0.060 


0.066 


0.097 


0.087 


0.094 


0.093 


0.105 


0.109 


0.157 


0,147 



-23 



0,012 


0.008 




0.015 


0.015 


O.OU 


0.011 


0.0^ 


o.oos 


0.017 


0.017 


0.029 


0,018 


0.018 


0.029 


0.029 


0,018 


0.018 


0.O20 


0.020 


0.031 


0.031 


0.036 


0.032 


0.032 


O.042 


0.041 


0.029 


0.029 


0.035 


0.036 


0.046 


0.044 


O.OSS 


0.041 


0,041 


0.045 


0.045 


0.041 


0.042 


0.047 


0.048 


0,062 


0.062 


0.078 


0.052 


0,092 


O.066 


0.066 


0.050 


0.052 


0.053 


0.057 


0.072 


0.069 


0.133 


0,102 


0.102 


0.122 


0.122 


0.U8 


0.110 


0.110 


0.114 


0.143 


0.139 



,05j 3^ ■ ,007* Q ■ ,10* q„ «■ .069 



^CnndUisnPl CI) equal n'l - equal s^'g (2) equal n'c ^equfll g^'s (3) unsquAl n'g ^ mquml s^'a (4) unequal q*b » UAequal s^^s CpOilttveiy) 
fvlaiyd) (5) uiiequal h'fl - yntqual g^'a (negativsl^ related), 

HiMlDyn etmlFMCi 2nd largcit contTutCi); Srd largese ccml^AetCi)} #.y 4lh largeai €entrHt<fl)| 5tb latgeac EDntrBiiU)! 



TAlLi 4 ^ 
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nmt CARLO TWE I EmmiffmiSE EMORS FOi THt HAJUIGKIC fSAN (i) M«D KMiSR (K) QWqUiU. 

FORMS OF Tm TUKiV STATliTlC FOR EICHT TREAmgNT L£VEiJ WHEN DEVIATIttf FROM ZERO 11 WSIDERIO 



CONDITIONS* 

NORMAL DISTMBUTIOH EOTKSmAL MiTKlKinQR 

1 2 3 4 S I 2 3 4 

ti^*« M X H K H K 4 E H K H E M E l K I 



•16 



0,001 0,002 0.002 0.001 0.001 0.001 0.002 O.OOi 0.005 O.OQS P. 005 0.^3 0.003 0.001 0.001 0,005 0.003 0.006 0.006 

O.dOJ 0.0D3 O.OQS O.OOS 0.003 0.003 0.003 0.003 Q.OOf 0.009 0.007 0.00? 0,008 0,008 0.007 0.006 0.D09 0.309 0.011 0.011 

0,004 0.004 0,014 0.014 0.006 0.007 O.POS 0.007 0.031 0.02P 0.009 0.009 Q.012 0.012 0.004 0.003 0.011 0.012 0.016 0.017 

il*^^ D.0i6 0.01& 0.016 0.016 0.006 0.007 0.016 0.015 0.Q32 0,030 0.012 O.Oll 0.013 0.013 0,019 O.OU O.014 0.014 0.030 6,02? 

^ 0.012 0.012 0.021 0.021 0.010 0.005 O.OU 0.023 0.043 0.039 0.012 0.012 0.028 Q. 028 0.012 0,013 0,016 O.QZO 0,033 0.030 

0.010 0,010 0,024 0,024 O.OOS 0,006 0,022 0.02S 0,042 0,037 0,014 0.014 0.029 0.029 0.008 0,009 0.02S 0. 033 0,947 0.036 

^Vll ^'^^3 0.012 0.040 0.040 O.Olp 0.022 0.031 0.Q3S 0.0J4 0.041 0.020 0.020 0.030 0.030 0.014 0.011 0.019 0.03S 0.049 0.049 

0.043 0,04S 0.077 0.077 0,03§ 0,0 44 0.06 1 0.073 0.117 0,100 0.036 0.0 ^ 0.073 0.073 0.031 Q.OM 0.057 0.064 0.109 0.099 

0.000 O.OOD 0,001 0,002 0.001 0.001 0.003 0,003 0,O0S 0,005 0.004 0,004 0.001 0.001 D.OOO 0.000 0,002 0.002 0.003 0,003 

^^-^ , 0,005 O.OQB 0.008 Q.QOB 0.005 0.004 0.Q02 0.002 O.OU O.Qll 0.004 0.004 O.0Q6 0,QO| 0.005 0.005 0.011 0.011 0.007 0.007 

^XII ^'^ii O.OU 0,011 0.012 0,007 0.008 0,006 0,007 0,009 0,009 0.007 0.007 0.009 0.009 0.007 0.007 0.009 0.009 0.008 0.006 

ii^^y O.On 0,011 0.011 0.021 O.OIS 0.017 0,014 0,01i 0,022 0,010 0.009 0.009 0,020 0.020 0,007 0.007 O.OIJ 0.014 0.011 O.Dli 

iy 0.010 O.QID 0.031 0.031 0.014 0.014 0.020 0.021 0.034 0.Q31 0.010 O.OlO 0.020 0.026 Pl013 0,013 0.013 0.014 0,030 0.029 

^yj^ 0,010 0,020 Q.03B 0.03S 0.021 0,019 O.OlB 0,023 0. 033 0,030 0.012 O.OU 0.331 0,031 0.018 0.017 0,030 0.030 0.029 0.029 

ly^^ 0,023 0.023 0.041 0.041 0.017 O.OIS 0.031 0.039 0.037 0^033 0.014 0.014 0^038 0.036 0.013 0.013 0.014 0.016 0.040 0.034 

0,053 0,053 0,093 0,093 0.061 0,059 0,067 0,079 0.062 0,092 0.Q35 0.035 O.OSO 0.0§0 0.043 0.042 0.058 0.060 0.077 0.073 

0,004 0,004 O.Odl O.QOl 0.003 0.003 0.002 0.002 0.001 0.001 0.003 0.603 6.005 0.005 D^OOl 0.001 O.OOO 

^11 0,003 b.OoS 0.005 0.005 0.004 0.004 0.002 0,001 0,007 0.007 0,001 0.001 O.OOS 0,008 0.004 0.004 O.004 

^III 0.006 0,006 0,010 0,010 Q.OO? 0.008 0.014 0.015 0.010 0.009 0.011 O.OU O.Oll O.OU □.013 O.OU 0.009 

*IV 0*011 0,0U 0.014 0.014 0,013 O.Oir 0.013 0.014 0,014 0.014 0.006 0.006 0.013 0.013 0.017 0.017 D.0Q5 

0.013 0.013 0.017 0,017 0,011 0.013 0,024 0.025 0.011 0.019 0.014 0.014 0.018 0.018 O.OU 0.009 0.018 

0,012 0.012 0.O32 0,031 0,011 O.OU 0,015 0.017 0.041 0,040 0,010 0.020 0,017 0.01? O^OU 0.015 0.024 

<^yjj 0.011 0.012 0.046 0.046 0.018 0.018 0,040 0.041 0.040 0,035 0,024 0.024 0.038 0.038 O.Oll 0.011^0.028 

0,646 0,046 0,013 0,083 0,048 0.047 0,084 0,086 0,096 0.088 0.054 0.054 0.070 0.070 0.056 0.056 0.068 

0,00? 0,009 0.008 0.008 0.003 0,003 0,007 0.006 0,011 O.OlO 0.012 0.012 0.002 0.002 O.O03 0.003 O.006 

O.OlO 0.010 0.011 0,012 0,009 0.008 0.013 0.012 0.014 0,023 0.013 0,013 0.013 0,013 O.OlO 0.009 O.OlO 

0.014 0,014 0.019 0. 019 0.020 0.022 O.OlS 0.011 0.031 0.019 0.011 0.012 0,022 0.012 O.0U ^ 0.014 O.OU 

7 0.020 0,020 0.026 0.026 0,014 0.018 0.017 0.031 0.048 0,036 0.028 0.028 0.033 0.033 0.017 0.024 0.020 

fy 0,018 0,018 0.051 0,051 0,018 0.027 O.OSl 0.033 0.070 0,062 0,041 0.041 0.038 0.036 0.023 0.022 0.021 

iTy^ 0,029 0.029 0.050 0.05D 0,026. 0.019 0.037 0.048 0.079 0.072 0.043 0,043 0.045 0.045 0.031 0,035 O.O40 

^VII 0.032 0,032 0,068 0.068 0,041 0,041 0,052 0,066 0,106 0.088 0,050 0.050 0.054 0.054' 0.026 0.017 D.D43 

0,083 0,083 0.131 0,131 0,099 0.104 O.lOi 0.126 0.197 0.167 0.117 0.117 0.117 0.117 0.073 0.069 0,087 

O.OOl 0.005 0.001 0.001 0,001 0,005 0,005 0,005 0,011 O.OU 0,006 0.006 0.001 0,001 0.004 0.004 0.003 0,002 0.008 0.000 

0,011 O.OU 0.007 0.007 0.014 0.014 0,015 0.015 0.018 0.017 0.011 O.Oll 0.015 O.OlJ 0.011 0,011 O.OU O.Qll O.OlO 0,010 

^jjj- 0,015 0.015 0,018 0,018 0,018 0,017 0,012 0,023 0.018 Q.OIP 0.020 0.O20, 0,022 0,012 O.OU 0.013 0.016 0,018 0.010 0.019 

16 *IV O.022 0.011 0.036 0.036 0.017 0.019 0.026 0.017 0.034 0,032 0.017 0.017 0.019 0.019 0,020 0.010 0.034 0.036 0.032 0.019 

1 l»y 0.013 0.013 0.034 0.034 0*026 0.014 0.037 0.037 0.048 0.042 0.031 0,031 0,044 0,044 0*021 -O.Oll 0.038 0,039 0.048 0,047 

^yj 0.026 0,026 0,042 0,042 0,026 0,027 0,04S 0,049 0,069 0,066 0,030 0*030 0.049 0.049 0.027 0.028 0,042 0.045 0.058 0.056 

0.030 0.030 0.018 0,058 0.044 0.041 0,062 0.068 0.071 0,060 0,018 0,018 0.050 0.050 0.031 0.0^ 0.058 0.066 0.075 0,069 



"IS 



0.000 


0.003 


0.D03 


0.004 


0.006 


O.OOfl 


0.009 


0.011 


0.011 


0.005 


0.017 


0,017 


0.019 


0.031 


0.019 


0,027 


0.035 


0.035 


0.031 


0.0S3 


0.051 


0.073 


0.099 


0.098 


0.006 


0,009 


0.009 


0.010 


0,019 


o.oia 


0.013 


O.OIB 


0.027 


0.015 


0,033 


0.017 


0.026 


0,056 


0.052 


0.044 


0.066 


0.061 


0.054 


0.092 


0.078 


0.107 


.0.159 


0.139 



0.089 0.089 0.U7 0.U7 0,101 0.102 0,117 0,130 0.149 0.13? 0.091 0.091 0,117 0,117 0.081, O.OBl 0.116 0.U9 0.140 0.U9 



0.010 0.010 0.004 0,004 0,003 0,003 0,009 0.009 0.006 0.006 0,b08 O.WS O.OOS 0.005 0.005 0.005 0.010 0,010 0.014 0.014 
0.O07 0^007 0,011 0,0U 0,OU O.OU 0.010 0.010 0. Oil ' 0.021 O.OU O.OU 0.014 0.014 0.010 0,010 0.015 0.015 0.022 0,022 



0.017 0.017 0.013 0.013 0.020 0.019 0.016 0,016 0.029 0.019 0.019 0.019 0,014 0,014 0,018 0.017 0.016 0,017 0.0-31 O.OIS 



Hn 

-15 *IV O*0i£ 0,016 0,031 0,035 0,022 0,019 0.026 0,028 0.039 0.039 0.031 0,031 0.015 0.021 0.025 0,019 0,032 0.035 0.011 0.041 

■ ty 0.017 0.017 0.046 0.046 0.021 0.022 0.040 0.039 0.O52 0»O5O 0,028 0,028 0.036 0,038 0^035 0.035 D.04S 0.047 0.073 D. 073 

fFyj . O.Oll 0,018 0«044 0,044 0,017 0,018 0,045 0,046 0,064 O.06O 0.035 0,035 0,056 0,056 0.025 0,025 0.651 0.051 0.072 0,070 

^yjj 0,031 0,031 0.OS6 0,056 0. 035 0,036 0,019 0,059 0,079 0,074 0,042 0.041 0.050 0,050 0.033 0.035 0,069 0.075 0,089 0.086 

(j,^ 0,091 0»091 0.127 O.'ii? 0. 101 0,099 0,131 0, 134 0. Ill 0,176 O.lOr 0, 102 0, Ul 0,121 0*096 0.098 0.136 0,145 0.171 0,169 
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O . *yeftditig5ii (1) •quil n»i - •qual g^*i (2) tquAl usnvqual o^'i (3j tnttiwi n*! » equ«l o^U (4) unequal ii*a - untquBl d^'a (potltlvely) 
pi? mUU^^^ C_5) uniqyal n\% - waquil g^'i Jtii|«llVii^^^ ..„ __. 
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tWLE i 

MWIE CABLO TYfl II SXPlRlfffiNTVlSE EWORil fOR THE HARMONIC mfM (M) AKB ItRJ«^ It) I^^DAL 
FORI OF THI TWIY ITATISTIC HAVING .67 o-imiT KIAM PlmKNCSi FOR SIX TREATMErff WVILS WHlB PfVlATlMI FMm ZlRQ IS CWlilDlRlD 



' eOR^DlTlOH* 
HORIUL DISTRIBUTIQB ICTCBEHTIAL MSTRliUTlON 

X 2 3 4 1 1 2 3 4 S 

**« H K M K H K H K 1 K E K H K 1 1 S K « K 



*j 0*003 0*003 0,002 0.002 0,001 0,000 0,001 0.000 0*000 0.000 0.009 0*001 0*002 0.002 0.010 0*007 0,W3 0*002 0*020 0,019 

*1I 0.072 Oi072 OiOSa 0*052 0.057 0*063 0.OS3 0,OSl 0*OSl 0,OJ2 0,o8S 0*016 0*069 0.041 Q,U3 0.112 0*Dft4 0,070 0, 117 0.122 

*III 0*135 0,535 0.S29 0,S2f 0.J4S 0.144 0,5if 0*602 0.4IS 0.502 0,464 0.464 0.4S7 0*457 0,488 0,503 0,487 0.493 0*449 0.456 

*IV -^^^^ ^'^^^ ^'^^^ 0,991 0*950 0.991 0,992 0.984 0.983 0, f 68 0*968 0*971 0.971 0.954 0.956 0.983 0.986 0.918 0,916 

*y 1.000 1.000 1*000 1,000 1,000 1*000 1,000 1. 000 1,000 1*000 1*000 1,000 I.OOO 1.000 1,000 1,000 1*000 LOOO 1*000 1,000 

1.000 1,000 1.000 1.000 l.UOO 1*000 1*000 1,000 1*000 1*000 1.000 1,000 1,000 1,000 1,000 1*000 1*000 1*000 1.000 1,000 

0.000 0*000 0.000 0.000 0.000 O.COO 0,OT0 0*000 O.OPO 0*000 0,000 0*000 0,000 0.000 O.O0O 0*000 0*000 0,000 0*000 0,000 

*I1 0*000 0.000 0*000 0*000 O.OOO 0,000 0*000 0.000 0*000 0,000 0*000 0.WO 0,^ O.QOO 0,000 0,000 0,000 0.000 0*006 0.006 

*II1 0,011 0.011 0:011 0*011 J. 007 D. 008 0,013 0*012 0.014 0*015 0,029 0*029 0*018 0,018 0.030 0.033 0,007 0.007 0,046 0,048 

'^IV 0*594 0*594 0,61* 0*611 0,625 0*621 0.609 0,602 0,371 0,574 o.56i 0,561 0,357 0,557 0.538 0.535 0*57? 0,577 0*526 0,521 

1,000 1,000 i.OOO 1*000 I.QOO 1.000 1,000 1*000 1,000 1*000 KDOO 1,000 i.OOO 1.000 1.000 1,000 1,000 1,000 0*999 0.990 

1*000 1,000 i.OOO 1*000 1,000 1*000 1,000 1,000 1.000 1,000 1,000 1*000 hooo i,o©o looo 1.000 1.000 1*000 0,999 0.99a 

0*000 Q.OOO 0,000 0,000 0,000 0,000 0*LQO 0*000 0,000 0*000 0*000 0,000 0,000 0,000 p. 000 0*000 0*000 0*000 0*000 0*000 

iiijj 0,000 0,000 0*000 0*000 0,000 0.000 0,000 0*000 0,000 0*000 0*000 0.000 0,000 0,000 O.OOO 0,000 0,000 0,000 0.000 0*000 

^111 5^000 0,000 0,000 0.000 O.OOO 0*000 O.OOO 0,000 0,000 0,000 Q.OOO o,0P0 0,000 0,000 0,000 0,002 0,002 

0,129 0,129 0,128 0,128 0,118 0.119 0*131 0,129 0,129 0*135 0,157 0* IJ7 0,106 0,106 0^33 0,156 0,124 0. 121 0,168 0,168 

1.000 1*000 0*999 0.999 I.OOO 1,000 1.000 1,000 0,999 0,999 0,999 0,99? 1,000 1,000 O.W I.OOO 1,000 1,000 0,994 0*995 

*A 1*000 1,000 0,999 0,999 1,000 1,000 1,000 1,000 0*999 0,999 0,999 0,999 1.000 1,000 ©,999 1,000 1,000 1,000 0*994 0.995 

0,000 0,000 0,000 0,000 0,001 0,000 O.OOO 0.000 0*001 0,001 0,005 0*005 0,000 0,000 0.002 0,002 0,000 0,000 0.015 0,011 

0.024 0,024 0*026 0,026 0,020 0*022 0.Q35 0*0^5 0,030 0*035 0,062 0*062 0*027 0*027 0^058 0,061 0.036 0*035 0*087 0.091 

S' ^ hll 0»382 0,382 0,346 0,346 0,370 0,333 0. 414 0.612 0,341 0,355 0*372 0,372 0.318 0,318 0-342 0,349 0,316 0,362 0,350 0*313 

*jy 0,977 0.977 0,969 0.969 0,970 0,971 0.972 0,974 0,966 0.964 0,913 0.913 0,946 0.946 0,924 0.922 0,970 0,972 0,850 0,844, 

'^y 1,000 1,000 1,000 1,000 1,000 1,000 1*000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1.000 1,000 1,000 1*000 I.OOO 1*000 

1,000 1,000 1,000 I.OOO 1.000 1,000 1.000 1,000 1.000 1,000 I.OOO 1,0W 1,000 1,000 1,000 1.000 1.000 1.000 1,000 1.000 



Hi 



0,000 0.000 O.OOO 0.000 0,000 0.000 0,000 0,000 0,000 0,000 0.000 0.000 0,000 0,000 O.OOO 0,000 0,000 0*000 0,000 0,000 
0.000 0*000 0,000 0.000 0.000 0,000 0,000 0,000/0,000 0*000 0,001 0.001 0,000 0,000 Q.O01 0,001 0.000 0.000 0,001 0,001 



Bj^'U ^^^^ 0.009 0,009 0.004 0.004 0. 003 0,003 0.007 0,006 O.OlO 0,010 0.018 0.018 0,006 0,006 0.016 0,017 0.008 0,007 0,034 0,035 
y,jy 0,426 0.426 0.418 0*418 0.44S 0,439 0.451 0,448 0,404 0,415 0,435 0,435 0,409 0.40i 0*413 0.414 0,411 0.409 0*421 0,419 
^ly 1,000 1,000 I.OOO 1,000 1.000 1*000 1.000 1,000 I.OOO 1.000 1,000 1*000 1,000 1*00© 1.000 1*000 1.000 1*000 1,000 1,000 



1,000 1,000 1,000.1.000 1,000 1.000 1,000 1,000 1,000 1,000 1,000 1.000 1,000 1,000 I.dOO 1,000 1.000 1.000 1.000 1,000 



O.OOO 0.000 0.000 0*000 0.000 0.000 0,000 0.000 0,000 0.000 0.000 0.000 0*000 0,000 0*000 0,000 0.000 0*000 0.000 0,000 

0,000 0,000 0,000 O.OPO 0.000 0,000 0,000 0*000 0,000 0,000 0,m 0,000 0,000 0,000 0.000 0.000 0*000 0.000 0,000 0.000 

^1^*23 ^^^2 0.000 O.OOO 0.000 0,000 0,000 0.000 0,000 O.OOO 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0.000 0,000 0,000 0,000 0,001 

0.049 0,049 0.077 0.077 0,065 0,064 0.0S2 0*079 0;076 0,084 0.O7I 0,079 0.072 0,072 O.OiO 0,079 0,068 0*066 0.111 0*112 

^ 0,919 0.999 1.000 1,000 0.999 0,999 1,000 1.000 0,999 0,999 0,§9§ 0*999 0,m 0,998 0,995 0,196 1*000 1,000 0,985 0.986 

il*^ 0.999 0,999 1,000 1.000 0,999 0,999 1,000 1*000 0.999 0.999 0,999 0,999 0.998 0,990 0*995 0,996 1,000 1,000 0,985 0,986 

a ■ ,05, a ■ ,007j a ■ ,10, a - .009 
P P , 

CDndlilcmil (1) ^qu&l n*m ^ fiquAl a**M it) iqiul 11*1 tmequal d^*s (3) isieqUBl q*s ^ ftqual 9^*1 (4) wieq^ ti's - unequal o^'i Cpoalfclv*!^ 
relatisd) (5) unequfll n'l ^ isicqu^l q^*i (negaEivsl^ f#iiCid)i 

• tj^ all tsnCfMta, . , . . j - " , ' 
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""MiUTiai ■ ■ IM^TIAL DlSTRllMfflOH 

* * > 4 i 1 . J , * S 

t I K g 



» K H a K H I 1 K s r r E , H 



0,000 0.000 O.QDO 0.000 0.000 0.000 0,DOO 0,000 0,qM o/oDo' 0,000 O.OOO 0.000 O.W ©.OOO 0.000 0,0^ 0.000 0.00 i» 0.^0^ 

0.000 0.000 0,000 0.000 0.000 0.000 0,000 0,000 0,000 0.000 0.002 coot 0,00 O.OOD S,oDI O.OOE O.OQO Q.OOQ O.OOfi 0.00^ 

0,005 0,003 0.00? 0.007 0.003 0.004 ^O.OIO O.OlO 0,007 0,010 O.Olg O.Ol^ 0,OQS 0.008 Cl.OSi* 0.0i3 O.OlO O.QlO ©.05U 0.0^9 

0.U4 Q,m 0,130 0.130 O.ISB 0.116 0.166 0.165 0;U3 0.154 O.lTQ^O.lTO 0.1^9 0.129 o.iOl 0.1^3 0,lUa o.ili ©,221 

0,S13 O.SU 0,777 0.777 0,805 0,802 0.828 0.127 0.7U 0.7U 0.700 0.700 0.660 O.fiBO 0,700 O.W 0,TO 0.199 0.123 0.62B 

O.W 0.991 0.19? 0.P9P 1,000 1, POD 1,QO0 1,000 i.OOO l.OW 0,996 O.ffJfi 0.996 P.p93 0.991 1.000 1.000 0.9T5 0,973 

.1.000 1,000 i.OOO UOOO 1.000 1.000 1.000 1,000 1,060 l.QOQ 1.000 1.000 l.DOO 1.0^ l.DOO 1.000 1.000 1.000 1.000 1.000 

1,000 1,000 1.000 1.000 1,000 1,000 1,000 I.OOO 1.000 1.000 1.000 l.QM I.OOO 1.000 l^OOg 1,000 1.000 1,000 1.000 1.000 

0.000 0.000 0.000 0.000 0.000 0,000 0.000 0.000 O.QDO 0.000 0.000 0.000 0,000 0.000 OUMO 0,000 0.000 0.000 0.000 0.000 

O.OOQ 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 O.OOO 0.000 0.000 0,000 OuOQO 0.000 0.000 0.000 0.000 0.000 

0.000 0.000 0.000 0,000 0.000 0.000 0.000 0.000 ■ 0.000 0.000 0.000 0.000 0,000 0.000 a,OQQ 0,000 0.000 0.000 0.000 0.000- 

0,000 0.000 0.001 0.001 ^.000 0.000 0,000 0,000 0,000 O.OQO 0.001 0,001 Q.OOl 0,001 &.P01 0.001 0,000 0.000' O.OOU Q.QOfc 

0.026 0.026 0,032 0.032 0.018 O.OlS 0.03S 0.033 0,034 0,0310.0^ 0.053 O.OUfi 0.0^1 0.053 0.052 0.032 0.033 0.088 0.090^ 

0.864 0,864 0.848 0.848 0.825 0,820 0.837 0.838 0,805 0.808 0.7i3 O.TiS 0.T63 0,763 S.759 O.TfiS 0.79^ 0.790 0.722 0.71^ 

1.000 1.000 1.000 1.000 1,000 1.000 1.000 1.000 1.000 1,000 1.000 1.D00 1,0W] 1.0^ :U00O 1.000 1.000 1.000 1.000 1.000 

1,000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1,000 1,000 1.0DQ 1,OQO 3U0O0 1,000 1.000 1.000 1.000 1.000^ 

0.000 0.000 0,000 0,000 0.000 0.000 O.OOO 0.000 0.000 0.000 0.000 0,000 0.000 O.OQO S^ODO 0.000 0.000 O.OOO^ 0.000 0.000 ' 

0,000 0.000 0.000.0.000 0,000 0.000 O.OOO 0.000 0.000 COOO 0.000 Q.QOO 0.000 Q.ODQ O.000 0.000 0.000 0.000 0. 000 0.^0 

0.000 0.000 0.000 0,000 0.000 0,000 O.OQO 0.000 0,000 0.000 O.OOO 0,000 0.000 O.OOO D.OOQ 0.000 9.000 0.000 O.OOO 0.000 

0.000 0,000 0.000 0.000 0.000 0.000 O.OOO 0,000 0,000 O.OOO O.OOO 0.000 O.OOO 0.000 S,000 0.000 0.000 0.000 0.000 0.000 

0,000 0.000 0.000 0,000 0,000 O.OOO 0,001 0.001 0.000 O.QOO e.QOl o.DQl 0.001 0.001 O.000 O.OOO 0.000 0.000 0.007 0.007 

0,249 0,249 0,244 0,24 4 0,234 0 . 238 0.270 0,26 7 0,232 0.238 O.afil 0,26l 0.311 o.m ^.^59 O.m 0.2b7 0.2^5 0.i66 0.281 

1,000 1,000 I.OOO i.OOO 1.000 1.000 I.OOO 1,000 1,000 1,000 1.0^ l.ODO 1.000 l.OOa 1.000 1,000 I.OOO 1.000 1.000 1.000 

I'^oo i-eoo 1.000 I.OOO 1.0001,000 1,000 1.000 1,000 1,000 i.ooq 1.000 i.ooo 1.000 a,ooo 1,000 i.ooo i.oqq 1.000 1.000 

*I 0,000 0.000 0,000 0.000 0.000 0.000 0.000 0.000 O.OOO 0,000 0,000 0,0^ 0.000 a.ODD Q,000 0,000 O.DOO 0,000 0.000 0.000 

if*jj 0,000 0.000 0,000 0.000 0.000 0.000 0.000 0,000 0,000 0.000 0.002 0,002/0.000 0.000 0-003 0.003 0.000 0.000 0,006 0.006 

tl^jjj 0.002 0,002 0,004 0.004 0,000 O.OOO 0.005 0.004 0.005 O.OOS O.OlU O.QlU 3,006 O.0D6 a.Oi€ 0.01^ O.OOii O.OOl* 0.033 0.030 ' 

y hv O*0§7 0.071 0.071 0,072 0.076 0.014 0.092 0,014 O.OSfi 0.131 0.131 0.039 O.OB9 O.llS 0,123 0.102 0.O9S 0,151* 0.1|| ! 

Tt ^1^^ 0.674 0,674 0,645 0.645 0,661 0,660 O.697 0,691 0.626 0.627 0.585 0.585 0,58? 0.587 0^3kU 0.51*5 0,602 O.6OQ 0.553 0.1^2': 

^0.999 0.999 0.997 0.997 0.999 0.999 0,999 0.9S9 0.994 0.994 O.9SI 0.981 0.992 0.9W 0-983 0.963 0,995 0,991 0.967 0.96U_ 

^l^yjj 1.000 1,000 1,000 1,000 i.OOO 1,000 1,000 1.000 1,000 1.000 1.000 I.OOO 1,000 l.OOd i.OOO 1.000 1.000 1,000 LOW I.ooo 

iP^ i.ooo l.OQO 1,000 1.000 1.000 1.000 1.000 1.000 1,000 1.000 1.000 1,000 1.000 1.^0 a^oOO 1.000 I.ooo 1,000 1,000 1.000 _ 

^ 0.000 0.000 O.OOD 0,000 0,000 0.000 0,000 0,000 0.000 0.000 0,000 O.W O.OLlO 0,000 Q.OOO 0.000 Q.^00 O.OOO 0.000 0,000 - 

0,000 0,000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 O.OQO O.OOD 0.000 0.000 0,000 0.000 0.000 0.000 0,000 

^111 V 0*000 0,000 0,000 0.000 0.000 0.000 0,000 0,000 0.000 0.000 0,000 0.000 0.000 0.000 O.Q0O 0.000 0.000 0.000 0,000 6.000;; 

iL-16 0.000 0.000 0.000 0.000 0,000 0.000 0,000 0.000 0.000 O.QOO 0.000 B,O00 0.000 0,000 0.000 0.000 0,000 

, *V 0,012 0.012 0.019 0,019 0.013 0.013 0.024 0.022^ 0,010 0.010 0,015 O*02P O.Oifi 0.026 027 0,028 0.023 0,023 O,©!*^ 0.0^5 " 

*yj 0.699 0.699 0.668 0.668 0.686 0.688 0,698 0,697 0.683 0.684 0,6U8 0.6U8 0,617 0,617 B.628 0.63i D.672 O.lila 0.567 0, 586;: 

J^yjj 1,000 1,000 1.000 1,000 1.000 1.000 I.ooo 1,000 1.000 1.000 1.000 l.WQ 1.000 1.000 1-000 1,000 1.000 1.000 l.qqo 1.000 

\ UOOO 1,000 1,000 1.000 i.ooo 1,000 1,000 1 ^000 1.000 1.000 1,000 1,000 1.000 1,000 1.000 1.000 1,000 1,000 1.000 i!ooo 
%^ 0,000 0,000 0.000 0,000 0.000 0.000 0.000 0,000 0.000 0.000 o!goo O.OOO 0,000 O.OQO Q.ooo 0.000 0.000 0.000 0,000 o.ooo\!i: 

0.000 0.000 0.000 0.000 0.000 0.000 0,000 0.000 0,000 0,000 Q.QOO O.OQO O.OQO 0.000 0.000 0.000 ^QOO 0.000 0.000 0.000 

0.000 0,000 0.000 0.000 0,000 Q.QOO 0.000 0.000 0.000 0.000 0.000 Q.WO 0,000 0,000 0,000 O.OCn 0.000 0.000 O.QOO 0.000 

■ ^-0^^ 0.000 0.000 0.000 0,000 0.000 0,000 0,000 0,000 0.000 0,000 0.000 Q,OOQ 0,000 0,000 O.oas 0,000 0.000 0,000 

*^ 0.000 0,000 0.001 0,001 0.000 O.aOO 0,000 0.000 O.OW 0.000 fi.OOQ 0,000 0,001 0,001 0.000 0,000 g.QOl 0.001 0.007 0.007 

tf^j 0,141 0,14b 0.159 0.159 0.1S6 0,118 0.157 O.ISI 0,183 0.186 Q.iii Q.iii Q.igj Qa6| Clil O.lSO 0.173 0,168 0.111 D.ill - 

^Vn i^^oo 1.000 1,000 1.000 1,000 1.000 i.ooo 1.000 i.ooo i, coo i.oqq i.qoo i.ooo 1.000 l.OQO 1,000 1,000 1.000 1,000 0.999" 

1,000 1,000 1.000 l.ODO I.ooo 1,000 1,000 1.000 i.ooo 1.000 1.000 1,000 1.000 1.000 1,000 l.QOQ 1,000 1,000 1,000 0,999 • 



a * .01, - .00?i a ■ .10, .001 

p . p 




